Introduction
for the system to be fully managed; and good system identification is far from being attained. Haemodialysis (HD) is a specific treatment for
The aims of the present study were to forecast the uraemia, consisting of multiple doses administered urea concentration profile and TAC urea over time by rhythmically at time intervals not all equally spaced.
computer simulation in a single-compartment variable It can be used for only 5-9% of the lifetime of the volume (SPVV ) model. The effects on TAC urea and uraemic patients and, therefore, it must be properly Kd*t/V of two HD schedules, the traditional alternate planned to ensure acceptable relief of the uraemic day HD and daily HD, each with three different HD syndrome. However, the design of a good HD schedule durations, were compared at the steady state condition. is empirical, since the concepts of HD dose and
The importance of achieving the steady state for adequacy are not completely agreed upon.
adequate comparisons is emphasized. The importance of the urea kinetic modelling approach in evaluation of HD was the main conclusion of the National Cooperative Dialysis Study (NCDS) [1], as perhaps should have been expected, considering the fluctuating profiles of urea in the blood of uraemic Subjects and methods patients. The NCDS conclusions emphasized the importance of the time-averaged plasma urea concen-The patient-haemodialysis system was described as a onetration ( TAC ) as a predictor of a good outcome. TAC compartment variable volume ( V t ) system, in which a diffusive first-order process takes place intermittently for a fixed urea includes removal of urea from the body and its The characteristics of the HD procedure can be dealt fixed HD were assumed to be equally spaced. with by the technique of simulation modelling, which, TAC urea was calculated for the interval t d +t id by dividing with the advent of the computers, is an invaluable tool the definite integral of the C t function curve, equivalent to in many fields of science and research. However, there the area under the curve, by the time elapsed. Kd*t/V was are a few features specific for HD which cause some calculated as the logarithm of the ratio between initial C 0 and end-dialysis C 
Third simulation setting
The last series of simulations was run on the daily HD Second simulation setting regimen, with the aim of achieving the steady state condition at the same TAC ureas as with corresponding As forecast, after 48 h, the C t was different from the starting value of 180 mg/dl ( Table 1 ) and the steady alternate day HD regimen, as shown in Table 2 . The same starting C 0 of 180 mg/dl was chosen, G u were state condition was not achieved with the first simula- Simulation duration was 48 h Kd*t/V was calculated for a single HD. G u was 5.7 mg/min for 90 and 180 min HD, 6.7 mg/min for 120 and 240 min HD, and 7.5 mg/min for 150 and 300 min HD.
A computer simulation study on optimization of haemodialysis 33 urea and C 0 were lower on the daily regimen ( Table 2) . If, on the other hand, the same TAC urea of the alternate day regimen was targeted on the daily regimen, the durations of HD would have been reduced from 90 to 85, from 120 to 108, and from 150 to 130 min. The longer the HD, the more time was saved.
The algorithm used for optimizing the HD time is represented in Figure 3 . It finds the t d of the daily HD which provides the same TAC urea as the corresponding alternate day regimen through repeated iterations until the steady state is reached. The TAC urea is then evaluated and, if it is different from the targeted value, TAC urea, remains to be ascertained [4] . The Kd*t/V was calculated at the steady state for a fixed as previously shown in Table 2 Figure 2 shows from 102 to 112 mg/dl, Kd*t/V varied by~8%, so it the simulation course for achieving the same TAC urea appears that even a small change in Kd*t/V, since it of 123 mg/dl at the optimal t d of 130 min. is an exponent, can produce notable alterations of other parameters, such as of the TAC urea in our example.
Discussion
The SPVV model was used as it has a relatively simple mathematical structure and can be handled with HD simulation enables nephrologists to manipulate acceptable difficulty. More complex models [5] are parameters and variables of the treatment and investi-probably more realistic, requiring fewer assumptions, gate results almost immediately. This is useful, especi-but they are cumbersome to work with, even with fast ally when the conditions are difficult or even dangerous computers. In our case, we think that the SPVV model to carry out in the usual clinical setting. Moreover, the suited our purposes well for comparing different HD parameters and variables are under the control of the regimens at the steady state for a readily diffusible modeller, so the results can be causally related to molecule such as urea. specific sources. Sensitivity of the parameters can also be tested. However, modelling HD regimens is more complex than modelling isolated HD, and adequate methods must be used.
In the first simulation experiment, lasting 48 h, higher TAC urea values were obtained on all three daily regimens ( Table 1) . When simulation was run repeatedly until the steady state was reached, the TAC Fig. 3 . The algorithm's task is to find the t d in the daily HD regimen that will provide the same TAC as that of the corresponding alternate day HD regimen, whose parameters G1, TAC1 and t d 1 are fed into the procedure. The starting t d 2 is set at 1/2 t d 1. The first loop looks Fig. 2 . Plasma urea profile in the 300 min alternate day (top line) for the steady state C0 n =C0 n+1 , then, if TAC2 does not equal TAC1, the t d is altered by trial and error in the second loop and the and daily HD (bottom line) regimens. The HD duration was the variable G u 7.5 mg/min. The dotted lines indicate the steady state new steady state condition is pursued again. When TAC2 equals TAC1, the procedure is stopped, and t d 2, TAC2 and C0 n sent C 0 . The same TAC urea was reached after reducing HD time from 150 to 130 min in the fifth cycle.
to output.
In conclusion, we think that simulation modelling Appendix 
